ABSTRACT: Global warming increases the occurrence of events such as extreme heat waves. Research on thermal and air conditions affecting broiler-rearing environment are important to evaluate the animal welfare under extreme heat aiming mitiga tion measures. This study aimed at evaluating the effect of a simulated heat wave, in a climatic chamber, on the thermal and air environment of 42-day-old broilers. One hundred and sixty broilers were housed and reared for 42 days in a climatic chamber; the animals were divided into eight pens. Heat wave simulation was performed on the 42 nd day, the period of great impact and data sampling. The analyzed variables were room and litter temperatures, relative humidity, concentrations of oxygen, carbon monoxide and ammonia at each pen. These variables were assessed each two hours, starting at 8 am, simulating a day heating up to 4 pm, when it is reached the maximum temperature. By the results, we concluded that increasing room temperatures promoted a proportional raise in litter temperatures, contributing to ammonia volatilization. In addition, oxygen concentrations decreased with increasing temperatures; and the carbon monoxide was only observed at temperatures above 27.0 °C, relative humidity higher than 88.4% and litter temperatures superior to 30.3 °C.
INTRODUCTION
Thermal and aerial environments are extremely important factors that affect broiler poultry production. Climate change is expected to result in more frequent, more intense, and longer heat waves (HENDERSON et al., 2011; RENAUDEAU et al., 2012; SKUCE et al., 2013; SOSSIDOU et al., 2014) . The heat wave can be defined by long, hot summers with higher minimum temperatures and humidity (KENT et al., 2014) .
Broiler genetic selection reduces the ability of birds to maintain energy, heat and water balance, leading to lesser capability of overcoming heat stress. Lower values of feed intake, weight gain and viability are observed in thermally stressed broilers, especially under high temperature (BOIAGO et al., 2013; OBA et al., 2012) . Temperature, relative humidity and wind speed are the major environmental factors affecting animal thermal comfort, providing limits for adequate production (NASCIMENTO et al., 2011; AMARAL et al., 2011) . The high temperature might cause mortality in birds according to their exposure to high temperatures reaching hyperthermia, a high body temperature condition leading to respiratory alkalosis and increasing blood pH due to excessive panting, causing the death of the birds (JULIAN, 2005; TOYOMIZU et al., 2005; ABIDIN & KHATOON, 2013) . The climate change and heat waves events are responsible for severe production losses in broiler facilities NÄÄS et al., 2010) .
In addition to the high heat, dust and gas concentration have influence on poultry production and chicken mortality (LE BOUQUIN et al., 2013) . Uveitis has been observed at environments with ammonia concentration above 25 ppm, while the ideal concentration is below 10ppm according the broiler management guide developed by COBB-VANTRESS (2013). The increased levels of atmospheric NH 3 in poultry houses has been linked to decreased bird performance and immunity, as well as to a higher susceptibility to respiratory infections (GUSTAFSSON et al., 2013; NWAGWU et al., 2012) . The hypothesis raised in this study is that heat waves affect thermal and aerial environments of broilers reared in chambers. Therefore, we simulated a heat wave in a broilerrearing chamber and checked the effects on psychometric variables and gas concentration when birds reached 42 days old.
MATERIAL AND METHODS
The study was carried out at the Thermal Comfort Laboratory II, in the College of Agricultural Engineering of the Universidade de Campinas -UNICAMP (Campinas University). A number of 160 male broilers were reared in a chamber during 42 days in order to simulate the heat wave in the last day before slaughtering.
The test chamber was divided into eight pens using wire meshes set within PVC pipe frames. Each pen had an area of 1.55 x 1.00 m and was equipped with individual feeders and drinkers. A 0.15-m layer of wood shavings was used as litter for the chicks, being replaced when moisture was excessive.
Stocking density was of 13.3 birds m -2 (without feeder and drinker), being reared under standard commercial management. Chamber venting was maintained under a wind speed of 73.45 m 3 h -1 to achieve thermal comfort at each age until the 42 nd day of rearing.
Heat wave simulation was controlled by a computational software developed by the Research Group on Precision Livestock Farming belonging to the College of Agricultural Engineering at from UNICAMP. Chamber indoor temperature was also adjusted by computational software, raising the temperature every 15 minutes gradually, within a 2-hour interval, starting at 8 am up to 4 pm. This temperature alternation is in accordance with records of the thermal dynamic of heat waves events in broilers houses located in São Paulo, Brazil.
Data of temperature, relative humidity, wind speed, as well as concentrations of ammonia, carbon monoxide and oxygen were measured during the two-hour cycles starting at 8 am, 10 am, 12 pm, 2 pm and 4 pm.
We set a datalogger (OnSet Hobo Pendant Temperature, Onset Computer Corporation) to monitor and record the values of dry bulb temperature and relative humidity. Wind speed was quantified with an anemometer (Pacer ® HTA 4200). A gas detector (Gas Alert Micro 5 from BW Technologies) measured the concentrations of the gases. All measurements were performed at 0.20 m height from the litter surface at each pen.
A thermometer collected the litter temperature with a 0.15-m probe Omegascope ® (Model 05520 series) placed at 0.05 m depth in the litter.
The statistical software Minitab ® was used to calculate date regression analysis and Pearson correlation. Previously, data normality was tested and no transformations were required, except for carbon dioxide ones that required a binary transformation due to gas-occurrence uncertainty. Figure 1 shows that the simulated temperature increased along the day as expected, which is similar to a one-day heat wave event. FIGURE 1. Inside air temperature in the climatic chamber during the experimental period.
RESULTS AND DISCUSSION
Despite of the 73.4 m 3 h -1 ventilation rate applied in the environmental chamber (airrenovation of 1.8 times the total volume of 40.6 m 3 ); there were changes in ammonia, carbon monoxide and oxygen concentrations within the environment (Table 1) At the 42 nd day, the concentrations of ammonia and oxygen, the litter temperature and relative humidity varied in a linear basis (p<0.01) according to the dry bulb temperature increasing (Table  2) . Ammonia concentrations had linear increase with temperature rising (p<0.01; Figure 2 ), reaching a level of 100 ppm. Such high concentration can be explained by this product volatilization enhanced by organic matter fermentation in the broiler litter (SONODA et al., 2012; POTE & MEISINGER, 2014) . FIGURE 2. Ammonia concentration in response to air temperature elevation in broiler litter after 42-day rearing inside climatic chamber.
Gas concentration in enclosed places varies with certain climatic variables such as wind speed, temperature and relative humidity (CORKERY et al., 2013) . Despite the exchange of an amount of 1.8 times the chamber air volume per hour, it might have been possible that air renewal had not been carried out properly, leading to a high ammonia concentration inside the chamber. These observations are common in tunnel-ventilated barns when the design of the cooling system is inappropriate (CARVALHO-CURI et al., 2014) .
These findings are similar to those reported by NÄÄS et al. (2007) that observed the increasing in ammonia concentration after a 20-day rearing period with levels greater than 20 ppm, which reached 167 ppm. LIMA et al. (2011) found out simultaneous increasing in temperature and ammonia concentration as observed on this study (Figure 2 ).
At the 42 nd day, the minimum levels of 55-ppm ammonia (Table 1) were above the maximum level of 10 ppm recommended by COBB-VANTRESS (2013).
The heat wave length and impact on broiler mortality can last for one day or several weeks . This condition was observed by VALE et al. The raise of ammonia concentrations observed in this experiment added to a low thermoregulatory capacity of the birds when exposed to high levels of ammonia may represent a synergistic factor that intensify the effect of environment temperature on the high mortality during these heat waves, as reported by VALE et al. (2010) .
Oxygen gas concentration decreased linearly while the temperature was risen (p<0.01; Figure  3 ). This behavior can be attributed to the rising of other gases like ammonia, carbon dioxide and water vapor; this fact comes from the changes on dissociative potential and psychometrics status of these gases (SINGH et al., 2002) . FIGURE 3. Oxygen concentration in response to air temperature elevation in broiler litter after 42-day rearing inside climatic chamber.
The oxygen demand of birds follows cardiac output increases that vary with bird weight and age (HASSANZADEH et al., 2014) . Higher environmental temperatures and lower oxygen availability increase lung aeration demands and also cardiac output in order to fulfill physiologic needs of bird tissues (JULIAN, 2005) and thermoregulation (TOYOMIZU et al., 2005) .
Besides the temperature rising associated with the ammonia increasing (Figure 2) , the lower oxygen availability during the hottest period of the day may justify the higher mortality within heat wave events as already highlighted by VALE et al. (2010) or even give reasonable explanations for the lowest performance of the animals.
Broilers are capable of acclimatizing themselves. However, after being reared under cool conditions for 30 days and being lately exposed to such heat waves , high mortality rates could be observed due to the lack of acclimation period. The earlier these heat waves occur, the more mortality rate are increased due to a lack of acclimation time (GAUGHAN & CAWDELL-SMITH, 2015) .
The acclimatization period of broilers is an important period for livestock production; if the flock of birds will undergo restraints in oxygen levels, as shown in Figure 3 , the death rate may increase because of an increasing number of sudden dea th syndrome.
Sudden death syndrome is a metabolic disease responsible for major losses in broiler production and is linked up with genetic improvement of birds and their cardiovascular status (KARKI et al., 2012; KALMAR et al., 2013) . The hottest periods o f the year have raised mortality rates from sudden death syndrome (IMAEDA, 2000) .
Stressful situations as extreme heat shock, physiological effects of dry bulb temperature rise (Figure 1 ) and oxygen concentration reduction in the ambient air (Figure 3) can worsen lung congestion, which is developed by birds during sudden death syndrome (JULIAN, 2005) . This status may be aggravated by a collapse in the balance of electrolytes, which would affect bird's ability of supplying these components to vital cardiac outputs in order to survive, added to the incidence of arrhythmias (IMAEDA, 2000) .
None of the above-discussed findings provides conclusive answers, since it is a multifactorial condition. Furthermore, most of the deaths could have been due to traumatic and stressful events experienced by birds in an earlier time. Therefore, more physiological studies are needed to clarify how environmental conditions affect the pre-death of birds, based on some subsidies provided in this study to simulations in a controlled environment.
The dry bulb temperature exerted an influence on the litter temperature, showing a linear increase (p<0.01) between both temperatures (Figure 4) . One of the factors that may increase the mortality of broilers during heat waves is the increase in litter temperature, among other factors previously discussed. Temperatures up to 33.5ºC, as shown in Table 1 , reduce the conduction heat exchange between animal and environment, thus reducing the survival of birds. Table 1 shows the variation in litter temperatures that was from 27.2 to 33.5 ºC, which was high enough to prevent heat exchange through birds' feet. A thermographic analysis of the birds' feet showed a variation from 33.4 to 38.7 ºC, with an average of 37.2 ºC (YAHAV, 2004) , what usually is observed in featherless areas, presenting the highest temperatures. This low temperature gradient between broilers' feet and litter can reduce heat exchanges by conduction made when the air temperature increases.
Besides the direct effect on the birds, high temperatures may also stimulate the activity of thermophilic microorganisms in the litter, increasing thus its temperature.
The humidity rise, observed in Figure 5 , may be due to three factors. One is the evaporation from changes in the psychometric traits within the environment (SINGH et al., 2002) . Another would be an increased evaporation due to litter temperature growth along with a metabolic heat output by microbial activity (KELLEHER et al., 2002) . Finally, there is the metabolic water vapor from birds released by excessive broilers' panting breath during thermal stress conditions (TOYOMIZU et al., 2005) . Air renewal inside the chamber was no t able to maintain air quality.
Therefore, an adequate cooling system aside from a low gas concentration inside commercial broiler houses has great importance in broiler poultry. FIGURE 5. Air relative humidity in response to air temperature elevation in broilers reared for 42 days inside a climatic chamber.
Unlike the other environmental parameters, the carbon monoxide showed a different pattern towards the environmental temperature variation, i.e., this gas presented a non-linear pattern. The carbon monoxide concentration was positively correlated to environmental temperature (0.782 and p <0.010), relative humidity (0.688 and p <0.01) and litter temperature (0.491 and p = 0.028); however, this correlation has a non-linear pattern.
Below 26 °C, the carbon monoxide production was null, a fact that occurred in the early hours until midday. Then, these levels increased, and the concentrations reached 1.5, 6 and 4 ppm at 12:00 pm, 2:00 pm and 4:00 pm, respectively.
At high ambient temperatures (27 °C), carbon production was 33 times larger, increasing by 18 times at high relative air humidity (> 88.4%) and 14 times when litter temperatures got high (> 30.3 °C) , these data have a 95% confidence interval.
According to this study finding, the main factor for increasing the carbon monoxide production was the environment temperature that may affect the overall environment of the chamber. NÄÄS et al. (2007) reported carbon monoxide at concentrations of 40.78 and 105.90 ppm throughout brooding phase, which goes from 0 to 14 days, when this gas is produced by the heating systems. On the other hand, COBB-VANTRESS (2013) stated that the carbon monoxide concentration should be lower than 100 and 50 ppm respectively, as concentration up to 100 ppm reduce the oxygen level in the blood being lethal in higher levels.
Since there was no equipment that could have caused combustion or emitted flammable gases inside the chamber; the presence of carbon monoxide might be attributed to the combustion of litt er or organic content by the activity of thermophilic microorganisms (KELLEHER et al., 2002) .
The aerobic decomposition of litter organic content occurs during composting when there is a balance between carbon and nitrogen as seen in broiler litter. In addition, the low oxygen concentration can generate an incomplete combustion of organic content, which releases carbon monoxide, which is an intermediate compost of combustion (CEPANKO et al., 2008) .
